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The mycorrhizal fungus Glomus in association with bean hosts (Phaseolus vulgaris L.) was the 
dominant factor in the aggregation of sand particles in sterilized dune soil artificially inoculated 
either with Glomus, or with Glomus and a soil extract containing miscellaneous microorganisms. 
The weight of sand adhered to roots harvested from dried soil was about 3 times greater in 
mycorrhizal than in nonmycorrhizal roots. The weight of sand aggregates per kilogram dried soil 
from among roots of senescent beans was 10 g in nonmycorrhizal plants but 54 g in mycorrhizal 
plants. The fungitoxicant benomyl prevented mycorrhizal development and markedly restricted 
sand aggregation on and among roots of beans grown in soil inoculated with Glomus. A soil 
extract enhanced mycorrhizal development, the amount of sand adhered to mycorrhizal roots, 
and the extent of sand aggregation among mycorrhizal roots. Based on microscopic observations, 
the major mechanism linking sand grains in aggregates was the binding of sand to extensive 
Glomus mycelia. 


Sutton, J. C., et B. R. SHEPPARD. 1976. Aggregation of sand-dune soil by endomycorrhizal 
fungi. Can. J. Bot. 54: 326-333. 

Le champignon endomycorrhizateur Glomus en association avec le symbionte (Phaseolus 
vulgaris L.) s'est avéré le principal facteur responsable de l'aggrégation des particules de sable 
dans du sol de dune stérélisé et inoculé artificiellement soit avec Glomus, Soit avec Glomus et un 
extrait de sol contenant divers organismes. Le poids du sable adhérant aux racines récoltées du 
sol sec était environ trois fois plus élevé chez les racines mycorrhizées que chez les racines non 
mycorrhizées. Le poids des aggrégats de sable par kilogramme de sol sec provenant du voisinage 
des racines de haricots sénescents était de 10 g chez les plants non mycorrhizés mais de 54 g chez 
les plants mycorrhizés. Le fongicide bénomyl a empêché le développement mycorrhizien et a 
fortement diminué l'aggrégation du sable sur et parmi les racines de haricots cultivés dans le sol 
inoculé avec Glomus. Un extrait de sol a stimulé le développement mycorrhizien, a augmenté la 
quantité de sol adhérant aux racines et le degré d’aggrégation au voisinage des racines 
mycorrhizées. Les observations microscopiques ont montré que le principal mécanisme liant les 
grains de sable en aggrégats était le rattachement du sable à l'important réseau mycélien de 
Glomus. 

[Traduit par le journal] 


Introduction 


An ability of fungal hyphae to bind soil 
particles in aggregates was observed in several 
types of soil, notably sandy soils (4, 5, 18) 
and sand-dune soils (1, 12, 20; T. H. Nicolson, 
personal communication) but also fine-textured 
soils (11, 5). In aggregates from some soils, soil 
particles were found loosely entrapped among 
wefts of hyphae often identified as those of 
basidiomycetes (1, 5, 18). In other soils, particles 
within aggregates were firmly bound to fungal 
hyphae (5, 11, 12) which were not usually 
identified but sometimes were described as 
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angular (5, 11). Recently, however, a large 
proportion of extensive mycelia firmly binding 
sand in aggregates among roots of grasses and 
herbs in the Lake Huron sand dunes was 
identified as that of endomycorrhizal fungi of 
the Endogonaceae (12). 

The status of endomycorrhizal fungi in 
relation to other factors that may contribute to 
aggregation of sand particles in sand-dune soil 
remains to be clarified. Other filamentous and 
nonfilamentous microorganisms may be of 
direct importance in sand aggregation through 
binding, entrapment, cementation by poly- 
saccharides or similar mucilaginous products, 
or other mechanisms (10). Other microorganisms 
may also influence aggregation indirectly by 
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interaction with endomycorrhizal fungi. Mycor- 
rhizal host plants clearly exert an indirect role 
in sand aggregation through the mediation of 
endomycorrhizal fungi (12), but there is the 
further possibility that host roots may bind 
sand particles directly. 

In the present study, the significance in sand 
aggregation of endomycorrhizal fungi, other 
soil microorganisms, and plant roots was ex- 
amined in controlled environment. Sand ag- 
gregates formed under various conditions in 
dune soils were analyzed qualitatively and 
quantitatively with respect to the proportion 
of sand grains bound, binding agents, and 
biotic factors. Because of suitable growth and 
known patterns of mycorrhizal development 
(17), bean plants (Phaseolus vulgaris L.) were 
chosen as mycorrhizal hosts. 


Materials and Methods 


Sand-dune soil for sand aggregation studies was 
collected at a depth of 5-15 cm in the root zone of 
grasses (Calamovilfa longifolia and Andropogon sp.) 
growing on dunes at Amberley, Ontario. The soil was 
screened through a sieve with 2-mm openings, then 
stored in closed containers at room temperature until 
used. For sterilization the soil was steamed for 30 min 
and again after a 2-day interval. 

Bean plants (Phaseolus vulgaris L. cv. Topcrop) for 
sand aggregation studies were grown singly in 12.6-cm 
plastic pots containing dune soil. The plants were kept 
in growth cabinets maintained at 16 °C (night) and 22 °C 
(day) and illuminated on a 16-h photoperiod at 200- 
240 peinstein m "7 s7! by cool-white lamps supplemented 
by incandescent bulbs. In all experiments there were five 
replicate plants for each treatment, and plants were 
randomized in the growth cabinets. 

To study the importance of hyphae of endomycorrhizal 
fungi and plant roots in the formation of sand aggregates 
in dune soil, estimates were made of sand aggregation in 
sterilized dune soil in which mycorrhizal or nonmycor- 
rhizal beans were grown. Screened and sterilized dune soil 
was placed in pots and half of the pots were inoculated 
with spores of Glomus Tul. and Tul. (8) while the rest 
were not inoculated. Spores used for inoculations were 
recovered by a centrifugation technique (16) from a 
sample of sandy loam soil collected in a field plot of 
senescent beans at the Experimental Farm, Arkell, 
Ontario. The spores were surface-sterilized in 1% 
NaOCl (‘Javex’) for 1 min and washed twice in sterile 
distilled water, and 20 spores were placed in each of two 
layers located at 5 and 8 cm from the soil surface in each 
pot. Beans were grown in half of the inoculated and non- 
inoculated pots. 

After 73 days the amount of sand bound to bean roots 
or aggregated among the roots was estimated. The soil 
ball in each pot was gently tipped out and air-dried, 
and bean roots with adhering sand were separated from 
the bulk of the soil and weighed. The adhering sand 
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was washed from the roots, dried at 80 °C, and weighed, 
and the roots were dried with paper towels and weighed. 
A portion of the roots was used to estimate the dry 
weight of the bean root system, and the rest were used 
for estimating the percentage roots that were mycor- 
rhizal by a method described earlier (17). 

The extent of sand aggregation in the dried soil from 
among the roots, and in soil from pots without bean 
plants, was estimated by gently screening the soil on an 
aluminum plate 25cm in diameter with 2-mm holes 
spaced at 4-mm intervals. The total soil sample and the 
aggregates retained on the screen were weighed and the 
weight of aggregates per kilogram soil was calculated. 

The experiment was extended to study the effects of 
microorganisms and other factors in an extract from dune 
soil on sand aggregation and mycorrhizal development 
associated with bean plants. To prepare the extract, 
dune soil was shaken in water (300 g/litre) for 1 h and 
filtered through a microfiber glass prefilter (type AP25, 
Millipore Ltd., Montreal). The extract was mixed with 
sterilized dune sand in pots (200 ml/pot), and half of the 
pots with or without the extract were each inoculated 
with 40 Glomus spores. Beans were grown and harvested 
as before and the percentage mycorrhizae, the weight 
of sand adhered per gram dried roots, and the weight of 
sand aggregates per kilogram sand among roots were 
estimated. 

For selection of a fungitoxicant inhibitory to endomy- 
corrhizal fungi, the following fungitoxicants were mixed 
with portions of a 3:1 mixture of the bean-plot soil 
and silica sand to give concentrations of 0.05 mAf and 
0.5 mM calculated on the basis of dried soil mix: thiram 
(bis(dimethylthiocarbamoyl) disulfide), captan (N-(tri- 
chloromethylthio) - 4- cyclohexene - 1 , 2 - dicarboximide), 
quintozene (pentachloronitrobenzene), thiabendazole (2- 
(4-thiazolyl)benzimidazole), vitavax (5,6-dihydro-2-me- 
thyl-1,4-oxathiin-3-carboxanilide), and benomy! (methyl- 
1-(butylcarbamoy])-2-benzimidazolecarbamate). Each 
soil-fungicide mix and control soil mix was placed in 
pots; beans were grown as before and harvested after 
32 and 52 days. At each harvest the roots were recovered 
and the percentage mycorrhizal roots was estimated. 

Because benomyl was inhibitory to mycorrhizal 
development at concentrations not phytotoxic to bean 
plants, it was used to differentiate the effects on sand 
aggregation of endomycorrhizal fungi, host roots, and 
benomyl-sensitive and benomyl-insensitive organisms in 
the soil extract or natural dune soil. Benomyl dispersed 
1:10 in ‘Attaclay 881’ (FMC Canada Limited, Burling- 
ton, Ontario) was mixed with a sample of the screened 
and sterilized dune soil at a concentration of 0.5 mM. 
The treated soil was placed in pots and soil extract was 
mixed with the soil in half of the pots. Spores were placed 
in half of the pots with benomyl and extract, and in half 
of those with benomyl but no extract. A single bean 
plant was grown in each of half of the pots of differently 
treated soils. The beans were harvested and analyses 
were carried out as before. The results were compared 
with those of similar treatments described above in which 
no benomyl was added to the soil. In a similar study, 
benomyl was mixed with half of a sample of screened but 
nonsterilized dune soil. 

Sand aggregates recovered from the variously treated 
dune soils were examined microscopically for structural 


TABLE 1. Percentage mycorrhizae, root growth, weight of sand adhered to harvested roots, and weight of sand aggregates among roots of 73-day bean 
plants grown in dune sand variously treated by sterilization, inoculation with Glomus or soil extract, or addition of benomyl“ 


Soil treatment 


Inoculations Dry wt. Dry wt. of 

——— Benomyl Roots of roots Dry wt. of aggregates in 

Treatment Soil concn., Beans mycorrhizal, per plant, sand adhered soil among 

no. Sterilization Glomus extract mM grown 7 g per gram dried roots roots, g/kg 
1 + — — 0 + 0 1.5+0.2 1.2+0.4 10+4 
2 + + — 0 + 30+5 1.9+0.1 3.3+0.5 54+8 
3 + + + 0 + 61+7 1.8+0.3 4.6+0.9 71+9 
4 + — + 0 + 0 1.6+0.4 1.5+0.5 15+2 
5 + — — 0 — — — — 2+1 
6 + + — 0 — — — — 2+1 
7 + — + 0 — — — = 3+1 
8 + + — 0.5 + 0 1.0+0.2 0.4+0.3 16+3 
9 + + + 0.5 + 0 1.3+0.2 0.9+0.2 18+6 
10 + — + 0.5 + 0 1.140.3 1.4+0.4 17+4 
11 + + — 0.5 — — — — 4+2 
12 + + + 0.5 — — — — 6+2 
13 + — + 0.5 — — — — EK 
14 — — — 0 — — — — 541 
15 — — — 0 + 31+9 1.0+0.3 5.0+1.1 44+9 
16 — — — 0.5 + 0 0.9+0.4 1.6+0.5 16+2 


aAll results are means of five replicates + standard deviation. 
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relationships of hyphae and sand particles and for hyphal 
characteristics. Before examination each aggregate was 
immersed in distilled water on a microscope slide, teased 
to form a monolayer of sand particles, and stained by 
immersion in warmed 0.05% trypan blue. Identification 
of endomycorrhizal fungi was based on the following 
characteristic features (15): coarse, thick-walled hyphae, 
sometimes with angular projections; thin-walled ephe- 
meral hyphae; vesicles and spores. 

In similar aggregates the proportion of sand particles 
that were free or linked by hyphae was estimated. Each 
aggregate was observed on a dissecting microscope, and 
free sand particles were separated with fine forceps from 
those connected by hyphae. The free particles were stained 
in trypan blue and the percentage with one or more 
attached hyphal fragments was estimated, based on 100 
particles in the aggregate. The free particles and those 
particles bound and connected by fungal hyphae were 
then dried at 80 °C and weighed. 

To isolate, quantify, and identify nonmycorrhizal 
fungi in nonsterilized dune soil, serial dilutions of the 
soil were placed on a range of selective media and fungus 
colonies were observed and counted. Seven 20-g soil 
samples were each added to 200ml of sterile distilled 
water containing a drop of Tween 20, shaken for 1h, 
and serially diluted. Portions (0.1 ml) of each dilution 
were surface-plated on the following agar media (19): 
Martin’s rose bengal medium, modified to contain 
17 mg/litre rose bengal; cornmeal agar with or without 
1 ppm benomyl; malt extract agar with 1 ppm benomy!, 
carrot agar. All media contained 30 mg/litre strepto- 
mycin sulfate. The plates were incubated at 20°C and 
exposed periodically to near-ultraviolet light. 


Results and Discussion 


About 30% of bean roots grown in sterilized 
soil inoculated with Glomus spp. were mycor- 
rhizal, but when the soil was inoculated also 
with an extract from dune soil, 60% were 
mycorrhizal (Table 1, treatments 2 and 3). 
Because the weight of dried roots in plants from 
both treatments was similar, the weight of 
mycorrhizae in plants from soil inoculated with 
both Glomus and dune-soil extract was about 
twice as large as in plants with Glomus alone. 
The soil extract enhanced also the amount 
of external mycelium and spores of Glomus 
remaining attached to mycorrhizal roots. No 
mycorrhizae developed in soil not inoculated 
with Glomus. 

The weight of sand adhered to bean roots 
harvested from dried soil was almost three 
times greater in mycorrhizal beans than in non- 
mycorrhizal beans, and about four times greater 
when the soil extract was present in the soil in 
addition to Glomus (Table 1, treatments 2, 1, 
and 3, respectively, and Fig. 1). There was little 
or no increase in adhered sand on roots of non- 
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mycorrhizal beans grown in sterilized soil in- 
oculated only with soil extract (treatment 4). 
Glomus was thus able to bind substantial 
amounts of sand on or close to host roots, and 
the amount of sand bound was increased in the 
presence of soil extract. 

The amount of sand bound to bean roots 
grown in nonsterilized dune soil (treatment 15) 
was similar to that on beans grown in sterilized 
dune soil infested with Glomus (treatment 2). 

The formation of sand aggregates among 
roots in dune soil was enhanced by bean 
plants, Glomus, and the soil extract (Table 1). 
The weight of aggregates per kilogram of 
sterilized dune soil was 2 g in soil without beans 
and 10 g after one crop of nonmycorrhizal beans 
(treatments 5 and 1, respectively). However, the 
yield of aggregates was 54 g/kg when Glomus was 
added to the soil in which beans were grown 
and further enhanced (71 g/kg) when soil ex- 
tract was present also (treatments 2 and 3, 
respectively). In the absence of beans, neither 
Glomus nor soil extract enhanced aggregation 
(treatments 6 and 7, respectively). 

Thus in sterilized soil, sand aggregation among 
bean roots was extensive only if Glomus was 
present and mycorrhizae were established. The 
restricted aggregation in soil with nonmycor- 
rhizal beans indicated that the role of bean 
plants in aggregation was largely indirect and 
mediated by the mycorrhizal association. Sim- 
ilarly, the limited aggregation produced by soil 
extract in soil with bean plants (15 g/kg, treat- 
ment 4) indicated that the extract was of minor 
direct importance in sand aggregation. 

All fungitoxicants except captan restricted or 
prevented mycorrhizal development in bean 
when mixed in soil at a concentration of 0.5 mM, 
but only benomyl, thiabendazole, and quinto- 
zene were inhibitory at 0.05 mM (Table 3). At 
the high concentration, captan enhanced root 
colonization by Glomus and appeared to promote 
development by the fungus of an unusually 
abundant external mycelium. Beans grown in 
soil with 0.5 mM thiabendazole or vitavax 
developed poorly and became entirely necrotic 
after 20 to 40 days. However, benomyl com- 
pletely and consistently prevented mycorrhizal 
development at both concentrations used. The 
high sensitivity of Glomus to benomyl was un- 
expected in view of earlier observations that 
Zygomycetes are mostly highly tolerant to the 
fungitoxicant (3, 6). 
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TABLE 2, The proportion of sand grains bound and linked by fungal hyphae and the percentage of free grains with 
attached hyphal fragments in sand aggregates recovered from dune soil that was variously treated by sterilization, 
inoculation with Glomus, addition of soil extract, or benomyl, and by culture of bean plants 


Soil treatment 


Status of sand grains within 
recovered aggregates” 


Tnoculations 
Benomyl % of free grains with 
Soil concn., Beans Z by weight connected attached hyphal 

No. Sterilization Glomus extract mM grown by hyphae fragments 

1 + — — 0 + 8+6 39+6 

2 + + — 0 + 37+6 68+8 

3 + + + 0 + 67+12 37+23 

4 + — + 0 + 18+9 15+8 

5 + — — 0 — 8+4 ER 

6 + + — 0 — 9+4 3145 

7 + — + 0 — 8+3 3244 

8 + + — 0.5 + 11+4 15+2 

9 + + + 0.5 + 9+2 1143 
10 + — + 0.5 + 10+3 14+4 
14° = — — 0 — 9+4 29+6 
15 — — — 0 + 26+6 64+8 
16 — — — 0.5 + 8+2 7+1 


*Mean of 25 replicates + standard deviation. 


*Ageregates from treatments 11, 12, and 13 (Table 3) were not examined. 


In bean plants grown in dune soil inoculated 
with Glomus, benomyl prevented mycorrhizal 
development, markedly restricted sand adhesion 
to roots, and greatly suppressed the formation 
of sand aggregates among roots (Table 1). A 
similar low weight of sand was adhered to bean 
roots grown in sterilized soil treated with 
benomyl and inoculated with either Glomus, 
soil extract, or both (treatments 8, 10, and 9, 
respectively). In these treatments, the amount of 
sand bound to bean roots was only one quarter 
to one third of that found on roots grown in 
similar soils without benomyl (treatments 2, 4, 
and 3) but similar to that on nonmycorrhizal 
roots from soil without benomyl (treatment 1). 
Sand aggregation among bean roots was low in 
benomyl-treated soil, irrespective of whether the 
soil was inoculated with Glomus, soil extract, or 
both. A restriction by benomyl of sand ag- 
gregation on and among roots of beans grown in 
nonsterilized soil (treatment 16) was similar to 
that in sterilized soils artificially inoculated with 
Glomus. The activity of benomyl in simul- 
taneously preventing mycorrhizal development 
and sand aggregation among roots in beans 
grown in sterilized soil inoculated with Glomus, 
or in nonsterilized soil, underscored the im- 
portance of the mycorrhizal fungus in aggregate 
formation. 


Microscopic examination of harvested mycorr- 
hizae revealed masses of Glomus mycelia that 
provided extensive surfaces capable of binding 
or entrapping sand particles near the roots. 
Sand aggregates thus occurred in extensive 
continua near surfaces of mycorrhizal roots. In 
both mycorrhizal and nonmycorrhizal roots, 
some sand particles were bound directly to root 
surfaces, notably those of the root hairs. 

Sand within aggregates recovered from among 
mycorrhizal bean roots in sterilized dune soil 
inoculated with Glomus was connected almost 
exclusively by an extensive Glomus mycelium. 
Sand particles were firmly bound to the hyphae, 
notably the secondary hyphal branches. Particles 
of organic matter present in some aggregates 
were frequently penetrated and entwined by 
Glomus hyphae. Free sand grains, not adhered to 
hyphae, were trapped within most aggregates. 

Within the individual aggregates, the propor- 
tion of sand grains bound and linked by hyphae 
was influenced markedly by Glomus, soil ex- 
tract, benomyl, and bean host plants (Table 2). 
In noninoculated sterilized soil in which beans 
were grown (treatment 1), only 8% of the sand 
grains in the few aggregates recovered (Table 1) 
were connected by hyphae. Similar low per- 
centages of connected sand grains were found 
in small aggregates from a sample of screened 
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TABLE 3. Percentage of roots mycorrhizal? in bean plants grown for 32 or 52 days in soil treated with fungitoxicants 


Fungitoxicant 


Fungitoxicant 


Days concn., 

after sowing mM None Benomy! Thiabendazole Quintozene Vitavax Thiram Captan 
32 0.05 5+3 0 <1 1+1 5+1 3+1 5+2 
52 0.05 45+3 0 2+1 23+1 47+6 48+22 49+18 
32 0.5 5+3 0 <1 <1 <1 1+1 4+1 
52 0.5 45+3 0 a 0 a 25+3 63+10 


NOTE: a, plants killed by fungitoxicant treatment. 
*Mean of four replicates + standard deviation. 


dune soil taken before sterilization (treatment 14) 
and from variously inoculated sterilized soil 
in which no beans were grown (treatments 5, 6, 
and 7). The percentage of sand grains bound and 
linked by fungal hyphae in aggregates from soil 
with bean plants was greatly enhanced (37%) by 
Glomus (treatment 2) and moderately increased 
(18%) by the soil extract (treatment 4). In the 
presence of both Glomus and soil extract (treat- 
ment 3), however, 67% of the sand grains in the 
aggregates were bound and connected by fungal 
hyphae, most of which appeared to be of Glomus. 
In aggregates from benomyl-treated soils the 
proportion of sand grains connected by fungal 
hyphae did not increase in association with 
Glomus, soil extract, and bean roots (treatments 
8, 9, and 10). Many of the sand aggregates 
from soil treated with benomyl or without bean 
plants were only 2 to 3mm in diameter and 
similar to those in screened dune soil. 

Although the dominant mycelium in sand 
aggregates was that of Glomus, hyphae of other 
fungi occurred in aggregates from various soil 
samples containing soil extract. Dematiaceous, 
septate, hyphae without clamp connections 
loosely entrapped sand grains in small portions 
of some aggregates. No spores were found on the 
hyphae, and attempts to culture the fungi 
failed. 

Fungus genera found abundant in dune soil 
(> 10? propagules/g) by the soil plate method 
were Cladosporium, Fusarium, Penicillium, Epi- 
coccum, Colletotrichum, Humicola, and Paecilo- 
myces. Other abundant, but nonidentified fungi, 
included dematiaceous yeasts and several dif- 
ferent types of pycnidiaceous fungi with light- 
or, more often, dark-brown coarse hyphae. 
Fungi recovered less frequently (<10° propa- 
gules/g) included Alternaria, Stemphylium, Cur- 
vularia, Aspergillus, Emericella, and nonidenti- 
fied ascomycetes. 


Among the fungi observed in aggregates or 
recovered from dune soil probably few other 
than Glomus were involved in sand aggregation. 
For successful involvement in sand aggregation, 
hyphae must presumably spread and persist. 
Most of the fungi recovered on agar media would 
be expected to produce hyphal growth patterns 
in soil described by Gray and Williams (9) as 
‘restricted’ or ‘locally spreading.’ In the former, 
there is little or no spreading mycelium and in 
the latter the limited mycelial growth is not 
persistent. The dark-brown hyphae observed in 
sand aggregates were extensive and, because 
of their dark pigmentation, probably persistent 
(2). These hyphae may have been those of 
basidiomycetes, as found by earlier workers 
(1, 5, 18), or those of pycnidiaceous fungi that 
were numerous in dune soil and produced 
brown hyphae on agar plates. 

Although aggregation of dune soil was at- 
tributable largely to the binding of sand grains 
to extensive, and apparently persistent, mycelia 
of Glomus, host roots and other fungi also 
formed part of the aggregation mechanism. 
Direct binding of sand to roots was of minor 
significance in aggregation (Table 1), but roots 
provided mechanical strength to a tripartite 
network of roots, hyphae, and sand particles 
that formed a basic structure in dune soil. 
Roots are known also to supply energy require- 
ments for proliferation of endomycorrhizal 
fungi (15). Other fungi appeared to aggregate 
sand grains only by loose entrapment among 
hyphae, a mechanism observed by some earlier 
workers (1, 5, 18). In the dune soil, firm adhesion 
of sand grains to hyphae appeared as a feature 
peculiar to Glomus. 

The enhanced sand aggregation produced by 
the soil extract when mixed with sterilized 
soil in which mycorrhizal beans were grown was 
probably associated with enhanced mycorrhizal 
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development. The extract stimulated mycor- 
rhizal development and sand aggregation when 
Glomus was present but failed to greatly en- 
hance aggregation in the absence of Glomus. 
Because the extract from nonsterilized soil 
stimulated sand aggregation and mycorrhizae 
in sterilized soil, the active factors in the extract 
were evidently inactivated by steam sterilization 
and thus were possibly microorganisms. Other 
workers have noted that various soil micro- 
organisms may increase germination and root 
colonization by endomycorrhizal fungi (7, 13, 
14), and a similar phenomenon may have been 
operative in the present study. Thus in dune soil, 
certain microorganisms may indirectly promote 
sand aggregation through stimulation of endo- 
mycorrhizal fungi. 


Acknowledgments 


Gratitude is extended to Dr. R. Hall for his 
interest and helpful discussions, Dr. T. H. 
Nicolson for examining our Glomus spores, 
Mr. D. Hamilton for the photograph, and the 
National Research Council of Canada for 
financial support. 


1. BARRATT, B. C. 1962. Soil organic regime of coastal 
sand dunes. Nature (Lond.) 196: 835-837. 

2. BLOOMFIELD, B. J., and M. ALEXANDER. 1967. Mela- 
nins and resistance of fungi to lysis. J. Bacteriol. 93: 
1276-1280. 

3. BoLLEN,G.S.,and A. Fucus. 1970. On the specificity 
of the in vitro and in vivo antifungal activity of be- 
nomyl. Neth. J. Plant Pathol. 76: 299-312. 

4. Bond, R. D. 1960. The occurrence of microbial 
filaments in soils and their effects on some soil proper- 
ties. CSIRO Aust. Div. Soils, Div. Rep. No. 10/60. 

5. BonD,R. D., and J. R. Harris. 1964. The influence of 
microflora on the physical properties of soils. I. Ef- 
fects associated with filamentous fungi and algae. 
Aust. J. Soil Res. 2: 111-122. 


6. 


. GERDEMANN, J. W. 


. Mosse, B. 


. SUTTON, J. C. 


. THORNTON, R. H. J. 


333 


EDGINGTON, L. V., K. L. KHEw, and G. L. BARRON. 
1971. Fungitoxic spectrum of benzimidazole com- 
pounds. Phytopathology, 61: 42—44. 
1965. Vesicular-arbuscular 
mycorrhizae formed on maize and tulip by Endogone 
fasciculata. Mycologia, 57: 562-575. 


. GERDEMANN, J. W., and J. M. TRAPPE. 1974. The 


Endogonaceae in the Pacific Northwest. Mycologia 
Memoirs No. 5, New York Botanical Gardens, and 
The Mycological Society of America. 


. GRAY.T.R.G., and S. T. WILLIAMS. 1971, Microbial 


productivity in soil. Jo Microbes and biological pro- 
ductivity, 21st Symposium of the Society for General 
Microbiology. Edited by D. F. Hughes and A. M. 
Rose. Cambridge Univ. Press, London. pp. 255-286. 


. GRIFFITHS, E. 1965. Microorganisms and soil struc- 


ture. Biol. Rev. 40: 129-142. 


. HUBBELL, D. S., and J. E. CHAPMAN. 1946. The 


genesis of structure in two calcareous soils. Soil Sci. 
62: 271-281. 


. KoskE, RE J. C. SUTTON, and B. R. SHEPPARD. 


1975. Ecology of Endogone in Lake Huron sand 
dunes. Can. J. Bot. 53: 87-93. 


. Mosse, B. 1959. The regular germination of resting 


spores and some observations on the growth require- 
ments of an Endogone species causing vesicular- 
arbuscular mycorrhiza. Trans. Br. Mycol. Soc. 42: 
273-286. 

1962. The establishment of vesicular- 
arbuscular mycorrhizae under aseptic conditions. J. 
Gen. Microbiol. 27: 509-520. 


. NicoLsON, T. H. 1967. Vesicular-arbuscular mycor- 


thizae—a universal plant symbiosis. Sci. Prog. 55: 
561-581. 


. SHEPPARD, B. R. 1975. The role of the endomycor- 


rhizal fungus Endogone in sand particle aggregation. 
M.Sc. Thesis, University of Guelph, Ontario. 

1973. Development of vesicular- 
arbuscular mycorrhizae in crop plants. Can. J. Bot. 
51: 2487-2493. 

D. CowLe, and D. C. 
McDona_p. 1956. Mycelial aggregation of sand soil 
under Pinus radiata. Nature (London), 177: 231-232. 


. Turte, J. 1969. Plant pathological methods. Burgess 


Publishing Co., Minneapolis, Minn. 


. WENT, F. 1974. Reflections and speculations. Annu. 


Rev. Plant Physiol. 25: 1-26. 


